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(54) Electron beam measurement method and electron beam irradiation processing device 



(57) An electron beam irradiation processing device 
including an electron beam tube (1) and a current de- 
tection unit (11a) disposed outside of the window (1d) 
of the electron beam tube. The electron beam tube is 
adapted to radiate electron beams and has a window 
and an associated power-source unit that provides a 
power source (2). The current detection unit includes at 
least one of a conductor and a semiconductor covered 
by an insulating film, and an electron beam level meas- 
urement unit having a current measurement unit that 



Fig. 1 



measures the current flowing through the current detec- 
tion unit. The amount of electron beams output from the 
electron beam tube is controlled by controlling the pow- 
er-source unit as a function of the current flowing 
through the current detection unit In addition, a method 
of measuring amount of electron beams radiated from 
an electron beam tube with a window including the steps 
of providing a current detection unit and measuring 
amount of electron beams radiated from the electron 
beam tube by measuring the current flowing through the 
current detection unit. 
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Description 

Background of the Invention 
Field of Invention 

[0001] The present invention relates to an electron 
beam measurement method that measures the amount 
of electron beams radiated from a vacuum tube type of 
electron beam tube that is used in curing resists applied 
to semiconductor wafers, etc. and in drying ink applied 
to various types of printed material. The present inven- 
tion also relates to an electron beam irradiation process- 
ing device that processes aforementioned processed 
material by irradiating it with electron beams. 

Description of Related Art 

[0002] The use of electron beam irradiation has been 
proposed to cure resists applied to semiconductor wa- 
fers as well as to dry or cure paint, ink, adhesive, pro- 
tective resin, etc., applied to substrates. 
[0003] In recent years, electron beam tubes provided 
with a window have been marketed. The structure of 
such electron beam tubes comprises a thermion radia- 
tion unit and an electron beam acceleration unit mount- 
ed in a vacuum container provided with a window which 
is permeable to electron beams. The thermo-ionic elec- 
trons radiated from the thermo-ionic unit are accelerated 
by an electron beam acceleration unit and radiated. 
[0004] Electron beams are radiated into the atmos- 
phere from the window when such an electron beam 
tube is used. Conventional electron beam irradiation 
processing devices have depressurized the atmos- 
phere in which the irradiated material is disposed. How- 
ever, this is unnecessary when using aforementioned 
electron beam tube thereby eliminating the need for vac- 
uum pumps and vacuum chambers for depressuriza- 
tion, and consequently, simplifying the structure of the 
electron beam irradiation processing device. 
[0005] Figure 7 is a diagram that shows the diagram- 
matic structure of a vertical type of electron beam tube 
provided with a window (hereinafter abbreviated EB 
tube) and its power source circuit. 
[0006] EB tube 1 is provided with filament 1 a and grid 
1 b. High voltage of 30 to 70 kV, for example, is applied 
to filament la and grid lb from direct current high-voltage 
power source 2 via terminal 1f. Furthermore, filament 
power source 3 is connected to filament la via terminal 
If. Filament la is heated by current that is provided from 
said filament power source 3 and thermo-ionic electrons 
are radiated. Electrons that are radiated are arranged 
in beam shape by an electric field that is created by grid 
1b. In addition, grid power source 4 is connected to grid 
1b via terminal 1f and electron emission from grid 1b 
can be controlled by controlling the voltage that is ap- 
plied to grid 1b. 

[0007] The arranged electron beam (hereinafter 



termed "electron beam") is output outside of EB tube 1 
from window 1 d that is set in flange 1c. The electron 
beams that are output from EB tube 1 are irradiated on 
processed material such as semiconductor wafers that 

5 are not illustrated or on various types of printed material 
to complete curing of resists or drying of ink, etc. 
[0008] EB tube 1 has a sealed structure comprising 
quartz tube wall 1e, flange 1c and window 1d. The in- 
ternal pressure is depressurized to 1 0" 4 to 1 0* 6 Pa (1 0' 6 

10 to 1 0* 8 Torr) to ensure that the electron beams that were 
created are not attenuated. 

[0009] Window 1 d is a film of special material contain- 
ing silicon of several um thickness (for example, 3 u.m) 
to ensure that the electron beams are not attenuated 

15 while passing through the window 1 d. 

[0010] The electron beams that are created can be 
output outside of EB tube 1 more efficiently by enlarging 
the area of window 1 d. However, the window is extreme- 
ly thin (several uxn), as indicated above, and it must 

20 serve as a partition between the atmospheric pressure 
outside of EB tube 1 and the pressure (1 0* 4 to 1 0 -6 Pa) 
within EB tube 1. Accordingly, the area of one window 
cannot be too large because of the danger of breakage. 
Thus, a plurality of windows, each having a small area 

25 W jth a size of 1 to 2 mm per side, are aligned in the lon- 
gitudinal direction of the filament so as to match the 
shape of the electron beams, as shown in Figure 8. 
[0011] A prescribed amount of electron beams must 
be irradiated onto processed material when processing 

30 the processed material (workpiece) using electron 
beams that are output from EB tube 1 . If the processed 
material is not irradiated with the prescribed amount of 
electron beams and the amount of irradiation is inade- 
quate or excessive, the processing of the processed 

35 material would fail. 

[001 2] The following two methods of outputting a fixed 
amount of electron beams have been available. Both ef- 
fect controls so that a fixed amount of power is provided 
to EB tube 1 . 

40 

[1] Method of control in which the tube current is 
detected and controlled so as to be constant. This 
is a method in which the tube current (the current 
flowing from direct current high -voltage power 

45 source 2 to EB tube 1 in Figure 7, denoted by broken 
line in the diagram) is detected by current detection 
unit 5 and is controlled so as to be constant by con- 
trolling the current flowing through filament 1 a, as 
shown in Figure 7. This is control in which the power 

50 supplied to EB tube 1 is kept constant by holding 
the tube current constant so long as the voltage of 
direct current high-voltage power source 2 is con- 
stant. This method is usually used in X-ray tubes. 
[2] Method in which the filament input power is held 

55 constant. This is a method in which the power input 
to filament 1 a is controlled to be constant by con- 
trolling the current (and the voltage of filament 1 a) 
that flows through filament 1 a. The amount of ther- 



3 



EP 1 104 002 A1 



mo-ionic electrons that are emitted is controlled by 
controlling the power of filament 1 a to be constant 
More specifically, the tube current is controlled to 
be constant and the power supplied to EB tube 1 is 
held constant. 

[001 3] Despite the control methods described above, 
the amount of electron beams output from EB tube 1 
changes even if the tube current is controlled to be con- 
stant and a fixed level of power is supplied to EB tube 
1 , as shown in Figure 7. The present inventors believe 
that the reasons for this are follows: 

[1 ] Filament la and grid lb within EB tube 1 are fixed 
within so that their positions would not change. 
However, the shapes of the filament la and of the 
nearby grid lb change due to thermal expansion 
since the temperature of the heated filament reach- 
es about 1900 °C during thermo-ionic electron out- 
put. 

[2] The shape and direction of the electron beams 
change due to the effects of the electrostatic charge 
that develops within the tube. 

[0014] As mentioned above, window 1 d that captures 
electron beams outside of EB tube 1 comprises a set of 
windows about 1 mm wide, each aligned in the longitu- 
dinal direction of the filament. Accordingly, electron 
beams are emitted beyond window 1d when the shape 
and direction of the generated electron beams change 
within EB tube 1 for aforementioned reasons [1 ] and [2], 
and those electron beams are no longer captured. As a 
result, the amount of output electron beams changes. 
[001 5] Accordingly, the present inventors believe that 
even if EB tube 1 could be controlled so that a constant 
power would be provided, the amount of electron beams 
output from EB tube 1 could not be held constant. 
[0016] Therefore, there exists an unfulfilled need for 
an electron beam irradiation processing device and a 
method of control thereof that overcomes the above not- 
ed disadvantages. 

Summary of the Invention 

[0017] The present inventors have found that the 
amount of electron beams could be controlled to be con- 
stant if the power supplied to EB tube I could be control- 
led in a manner that the amount of electron beams out- 
put from EB tube 1 were constant by measuring this 
electronic beam output from the EB tube 1 . However, 
no method of accurately measuring the amount of elec- 
tron beams output from EB tube 1 had been available. 
In particular, the atmospheric gases turn into plasma as 
a result of electron beam irradiation, resulting in second- 
ary electron emission from the processed material, the 
workpiece stage upon which the processed material is 
set, and the walls of the processing chamber, etc. For 
such reasons, even if a sensor and the like were dis- 



posed near window 1d of EB tube 1 to detect the amount 
of electron beams, the amount of electron beams output 
from EB tube 1 could not be accurately and stably de- 
tected due to the effects of the floating charge attribut- 

5 able to aforementioned secondary electrons. 

[001 8] The present invention has been devised in light 
of the problems associated with conventional technolo- 
gy as discussed previously and above. In this regard, 
the first object of the present invention is to provide an 

10 electron beam measurement method capable of accu- 
rately measuring the amount of electron beams output 
from an electron beam tube to the processed material. 
The second object is to provide an electron beam irra- 
diation processing device capable of controlling and 

15 holding constant, the amount of electron beams irradi- 
ated onto processed material by controlling and holding 
constant, the amount of electron beams output from an 
electron beam tube. 

[001 9] In accordance with the preferred embodiments 
20 of the present invention , the above objects are attained 
by: 

(1) A current detection unit comprising a conductor 
or a semiconductor covered by an insulating film is 

25 disposed on the outside of the window of an elec- 
tron beam tube and the amount of electron beams 
radiated from the electron beam tube is measured 
by measuring the current flowing through the cur- 
rent detection unit. 

30 (2) A current detection unit comprising a conductor 
or a semiconductor covered by an insulating film, 
and a measurement unit for measuring the amount 
of electron beams comprising a current measure- 
ment unit that measures the current flowing through 

35 the current detection unit. These are disposed on 
the outside of the window of an electron beam tube 
to thereby allow measuring of the amount of elec- 
tron beams output from the electron beam tube. The 
amount of electron beams irradiated onto the proc- 

40 essed material can then be held constant by con- 
trolling the power source unit as a function of the 
current signal flowing through the current detection 
unit. 



4 5 [0020] In accordance with one embodiment of the 
present invention, a current detection unit comprising a 
conductor or a semiconductor covered by an insulating 
film is disposed as mentioned above. The aforemen- 
tioned insulating film forms an energy barrier and the 

so amount of electron beams radiated from the electron 
beam tube can be measured by measuring the current 
following through the current detection unit. Accordingly, 
the generation of current through capture of the floating 
charge (i.e. the above noted secondary electron emis- 

55 sion) by the aforementioned semiconductor or conduc- 
tor can be prevented. For this reason, the current due 
only to electrons output that is generated from the elec- 
tron beam tube can be detected, and electron beams 
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output from the electron beam tube can be accurately 
measured. 

[0021] Furthermore, the amount of electron beams 
output from an electron beam tube can be controlled 
without being affected by a floating charge. The amount 5 
of electron beams output from the electron beam tube 
can be controlled by applying aforementioned method 
of measuring the amount of electron beams to an elec- 
tron beam irradiation processing device. Moreover, a 
fixed level of electron beams could be stably output even 10 
if the shape or direction of electron beams within the 
electron beam tube should change. 
[0022] For this reason, processed material could be 
irradiated with a set, prescribed amount of electron 
beams, and processing failure due to insufficient or ex- *5 
cessive irradiation could be prevented. 

Brief Description of Drawings 

[0023] Figure 1 is a schematic diagram showing the 20 
structure of a control device of an electron beam tube 
in accordance with one embodiment of the present in- 
vention. 

[0024] Figure 2 is a schematic diagram showing an 
example of the disposition of a current detection unit in 25 
accordance with one embodiment of the present inven- 
tion. 

[0025] Figure 3 is a schematic diagram showing the 
structure of a circuit used during experimentation with 
the present invention. 30 
[0026] Figure 4 is a graph showing the current meas- 
ured with an uncoated stainless wire and a ceramic 
coated wire. 

[0027] Figure 5 is a graph showing the output when 
the power of an EB tube is controlled by measuring the 35 
amount of electron beams using an electron beam level 
measurement unit and when the power of an EB tube is 
controlled by detecting the tube current. 
[0028] Figure 6 is a schematic diagram showing an 
example of the structure of a control system in accord- *o 
ance with another embodiment of the present invention 
when using a plurality of EB tubes. 
[0029] Figure 7 is a schematic diagram showing the 
approximate structure of a prior art EB tube with a win- 
dow, and its power source circuit. 45 
[0030] Figure 8 is a diagram explaining the disposition 
of the window of a prior art EB tube. 

Detailed Description of the Preferred Embodiment 

so 

[0031] Figure 1 is a schematic diagram showing one 
embodiment of the present invention. EB tube 1 has fil- 
ament la and grid lb disposed therewithin, just as in 
aforementioned prior art EB tube of Figure 7. High volt- 
age of 30 to 70 kV, for example, is applied to filament la 55 
and grid lb from direct current high-voltage power 
source 2. Furthermore, filament power source 3 is con- 
nected to filament la via terminal If, and filament la is 



heated by current supplied from filament power source 
3, thereby radiating thermo-ionic electrons. The elec- 
trons that are radiated are arranged into beam shape by 
an electric field created by grid 1b. Furthermore, grid 
power source 4 is connected to grid 1b via terminal 1f, 
and thermo-ionic electron radiation can be controlled by 
controlling the voltage that is applied to grid 1 b. The 
shaped electron beams are output through window 1d 
that is set in flange Ic outside of EB tube 1 . 
[0032] In contrast with the prior art, the present inven- 
tion is provided with an electron beam level measure- 
ment unit 11 including a current detection unit 1 la which 
is mounted near the outside (distance of approximately 
5 mm from the window) of window 1 d of the EB tube 1 . 
Current detection unit I la comprises a conductor such 
as stainless steel, copper, aluminum, or such semicon- 
ductors as silicon, germanium, compound semiconduc- 
tors. Current measurement unit 11b comprises an am- 
meter that measures the current that was detected and 
a current-voltage converter circuit. 
[0033] Part of the electron beams that are output from 
window 1d of EB tube 1 are captured by current detec- 
tion unit 1 1 a. The captured electrons move through cur- 
rent detection unit 11a and generate current. The gen- 
erated current is measured by current measurement 
unit 11b, is converted into a voltage signal that shows 
the measured current, and is then fed to control unit 1 2. 
[0034] Control unit 12 compares aforementioned 
measured current with a set current level that had been 
input in advance. If the measured current is lower than 
the set current level, the tube current is increased by 
controlling the filament power source 3 and the power 
supplied to EB tube 1 is increased. In a similar manner, 
if the measured current is greater than the set current 
level, the power supplied to EB tube 1 is reduced by de- 
creasing the tube current by controlling the filament 
power source 3. 

[0035] In this manner, the electron beams that are out- 
put from window 1 d of EB tube 1 are detected as current 
and the power supplied to EB tube 1 is based on this 
current and may be controlled. Such control thereby per- 
mits constant and stable control of the amount of elec- 
tron beams output from EB tube 1 . Figure 1 shows an 
embodiment in which filament power source 3 is con- 
trolled by the output of electron beam level measure- 
ment unit 11 . However, the voltage applied to grid lb is 
subjected to PWM control, as mentioned below, with the 
result being that the amount of electron beams that is 
output from EB tube 1 can be thus controlled. 
[0036] Figure 2 is a diagram showing the layout of 
aforementioned current detection unit. In this diagram, 
current detection unit 11a is composed of a plurality of 
conductor wires, each of which is preferably disposed 
in the roughly orthogonal direction relative to the longi- 
tudinal direction (direction of alignment of window 1 d) 
near each window 1 d of EB tube 1 . Even if the position 
of current detection unit 1 1 a should shift somewhat, the 
effects would be minimized by adopting such a disposi- 
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tion and electron beam irradiation would not be obstruct- 
ed. 

[0037] When electrons are captured by current detec- 
tion unit 11a shown in Figure 2, the electrons flow 
through the conductor of current detection unit 11a and s 
the size of the current is proportional to the amount of 
electrons captured by current detection unit 1 1 a. The di- 
rection of the current becomes the direction shown in 
the diagram since current is created by the capture of 
electrons. 10 
[0038] The following measures should preferably be 
considered in order to stabilize the current detected by 
current detection unit 11a. 

[0039] Current detection unit 11a would preferably 
capture only the electron beams that are output from 15 
window 1 d of EB tube 1 . However, a charge that is cre- 
ated by electron beam irradiation near current detection 
unit 11a floats and the current detection unit 11a may 
also undesirably capture this charge as well. 
[0040] Aforementioned charge is believed to be ere- 20 
ated for the following reasons: 

[1] The atmospheric gases are turned into plasma 
due to electron beam irradiation. 
[2] Secondary electrons are emitted from the elec- 25 
tron beam level measurement unit 11 and from the 
workpiece stage upon which the processed material 
is laid (not illustrated) as well as from the walls of 
the processing chamber in which the workpiece 
stage is disposed. 30 

[0041] If the processed material is not nearby, the 
floating charge near current detection unit 11a would be 
captured by current detection unit 11 a. Conversely, if the 
processed material is nearby, the charge would be at- 35 
tracted to the processed material and it would not be 
captured by current detection unit 11a. Specifically, the 
size of the current that is measured by current measure- 
ment unit 1 1 b would vary greatly depending on whether 
or not any processed material is present. 40 
[0042] As indicated above, the amount of electron 
beams that is output from EB tube 1 cannot be accu- 
rately measured and the amount of electron beams out- 
put from EB tube 1 cannot be stably controlled unless 
the amount of electron beams is measured in a manner 45 
that eliminates the effects of aforementioned floating 
charge. 

[0043] Usually, the electron beam energy output from 
EB tube 1 is several dozen kV while the floating charge 
energy is several dozen eV. However, the current flow- so 
ing through current detection unit 11a increases with in- 
crease in aforementioned floating charge since the 
charge created at current detection unit 1 1 a remains the 
same when electrons are captured, regardless of the 
magnitude of the energy. 55 
[0044] Thus, the preferred embodiment of the present 
invention is designed so that current detection unit 1 1 a 
of electron beam level measurement unit 11 captures 



only electrons having great energy that are output from 
the EB tube by utilizing the difference between the elec- 
tron beam energy that is output from aforementioned EB 
tube 1 and the magnitude of the energy of the floating 
charge. 

[0045] Specifically, the conductor surface of current 
detection unit 1 1 a is coated with insulation. The type and 
thickness of the coating are selected so as to form an 
energy barrier such that several dozen keV electrons 
transit while obstructing the transit of several eV of 
charge. Alumina (Al20 3 ), silica (Si0 2 ), etc., could be 
used as the insulation. 

[0046] Using stainless wire as current detection unit 
1 1 a of the electron beam level measurement unit 1 1 , the 
individual currents were measured with an uncoated 
stainless wire and a ceramic coated wire coated with a 
ceramic film (AI2O3-I5 jim thickness). 
[0047] Figure 3 is a schematic diagram showing the 
structure of an experimental circuit used during experi- 
mentation with the present invention. Current detection 
unit 11a of the electron beam level measurement unit 
1 1 is disposed at a position 5 mm away from window 1 d 
of EB tube 1 , and workpiece W (a wafer was used here) 
is disposed below window 1 d of EB tube 1 . The current 
flowing through current detection unit 11a is measured 
by current measurement unit 11b while altering the dis- 
tance between EB tube 1 and workpiece W. Workpiece 
W is laid on workpiece stage (not shown) which may be 
composed of a conductor and is grounded. The power 
supplied to EB tube 1 is 50 kV 200 uA and the atmos- 
phere is atmospheric pressure air. 
[0048] Figure 4 is a graph showing the aforemen- 
tioned current measured with an uncoated stainless 
wire and a ceramic coated wire. The abscissa repre- 
sents the distance from the window of EB tube to the 
surface of the wafer which is workpiece W while the or- 
dinate represents the current (uA) detected by current 
detection unit 11a. The round marks represent the case 
using uncoated stainless wire as current detection unit 
11a while the square marks represent the case using 
stainless wire that is coated by aforementioned ceramic 
film of 15 ujti thickness as the current detection unit 11 a. 
[0049] The current that is detected decreases as the 
wafer (workpiece W) approaches EBtube 1 . The reason 
for this, as mentioned above, is believed to be that the 
charge floating near the electron beam level measure- 
ment unit is captured on the wafer as the wafer is ap- 
proached. 

[0050] On the other hand, if current detection unit 11 a 
is coated by a ceramic of 15 ujti thickness, the current 
that is detected remains virtually unchanged and is 
nearly independent of the extent to which the wafer is 
approached. 

[0051 ] The ceramic coating film of Al 2 0 3 about 1 5 ujti 
thick corresponds to an energy barrier of about 30 keV. 
For this reason, current detection unit 11a is capable of 
detecting current due only to electrons having energy of 
30 keV or more that are output from EB tube 1 without 
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being affected by the charge floating near current de- 
tection unit 11a. 

[0052] The aforementioned experiments demon- 
strate that the amount of electron beams can be meas- 
ured accurately without being affected by the floating 
charge if the conductor of current detection unit 1 1 a is 
coated by a ceramic of 15 u,m thickness. Specifically, 
the floating charge is several dozen eV, as mentioned 
above, and a ceramic coating thick enough to prevent 
a floating charge of several dozen eV from transiting 
may be applied. 

[0053] As indicated above, the amount of electron 
beams can be controlled (preferably without being af- 
fected by the floating charge) as a result of mounting 
electron beam level measurement unit 11, measuring 
the amount of electron beams, and controlling the power 
of EB tube 1 . in addition, fluctuation in the output of EB 
tube 1 due to the effects of thermal expansion brought 
about by heating of the filament and the effects of static 
electricity within the tube walls can be prevented as well. 
The amount of electron beams output from EB tube 1 
can thus, be held constant. 

[0054] Figure 5 is a graph showing the output of EB 
tube 1 when the power of EB tube 1 is controlled by 
measuring the amount of electron beams via electron 
beam level measurement unit 11 , as shown in Figure 1 , 
and the output when the power of EB tube 1 is controlled 
by detecting the tube current as shown in aforemen- 
tioned prior art of Figure 7. 

[0055] This figure shows the results of measuring the 
current flowing through a workpiece when a workpiece 
is irradiated with electron beams from an EB tube. The 
abscissa in the diagram represents the elapsed time 
(minutes) following lighting of the EB tube while the or- 
dinate represents the percentage of output of the EB 
tube, taking the output of the EB tube at the commence- 
ment of EB tube lighting as 1 00%. Furthermore, the cir- 
cles represent the case in which the tube current is con- 
trolled so as to be constant while the triangles represent 
the case in which electron beam level measurement unit 
1 1 in accordance with the present invention is mounted 
and used to control the power of EB tube 1 . 
[0056] As shown in the diagram, the output from the 
EB tube declines after the EB tube has been lit and 
reaches 100% after about 14 minutes when the tube 
current is controlled so as to be constant (round marks 
in the diagram). As mentioned above, this is believed to 
be due to the electrostatic effects resulting from change 
in the shape and direction of electron beams and 
change in the shape of the filament and nearby grid 
brought about by thermal expansion of these compo- 
nents upon heating of the filament following the lighting 
of the EB tube. 

[0057] In contrast, the output of the EB tube is held 
virtually constant, as shown in the same diagram, when 
the power of the EB tube is controlled by mounting and 
using the electron beam level measurement unit 11 (tri- 
angles in the same diagram) in accordance with the 



present invention. 

[0058] As indicated above, the amount of electron 
beams that are output from the EB tube is immediately 
held constant following lighting of the EB tube as a result 
s of controlling the power of the EB tube through mounting 
of electron beam level measurement unit 11. Conse- 
quently, electron beam irradiation processing can be 
carried out without any time lag thereby enhancing the 
throughput. 

10 [0059] Incidentally, the diameter of the EB tube is sev- 
eral centimeters (cm), which necessitates the process- 
ing of a workpiece by aligning a plurality of EB tubes on 
a plane when processing a large workpiece. 
[0060] Figure 6 is a schematic diagram showing an 

is example of the structure of a control system when a plu- 
rality of EB tubes are used as mentioned above. Voltage 
is supplied from direct current high-voltage power 
source 2 and grid power source 4 to each EB tube 1 -1 
to 1 -n, and filament power sources 3-1 to 3-n are mount- 

20 ed in each EB tube 1 . 

[0061 ] Aforementioned electron beam level measure- 
ment units 11 are mounted in each of the plurality of EB 
tubes as shown in Figure 6, and their outputs are fed to 
each control unit 12-1 to 12-n. 

25 [0062] Each control unit 12-1 to 12-n compares the 
measured current fed from aforementioned electron 
beam level measurement unit 11 with a pre-set current 
level inputted, and controls filament power sources 3-1 
to 3-n so as to increase the filament current if the meas- 

30 ured current level is smaller than the set current level. 
In addition, the filament current is decreased if the 
measured current level is greater than the set current 
level. By doing so, the amount of electron beams that 
are output from each EB tube 1 can be controlled so as 

35 to be constant. 

[0063] Filament power source 3 is controlled based 
on the output of electron beam level measurement unit 
11, and the amount of electron beams output from EB 
tube 1 is controlled in the manner explained above. 

40 However, the voltage applied to grid 1b of EB tube 1 
may also be controlled in PWM to thereby control the 
amount of electron beams that is output from EB tube 
1 . Specifically, since EB tube 1 can effect ON/OFF con- 
trol of the electron beam output by controlling the volt- 

45 age that is applied to grid 1b, the current measured by 
electron beam level measurement unit 11 can be fed to 
a PWM controller and a pulse modulation signal (PWM 
signal) can be output which matches the measured cur- 
rent with the set current. The voltage applied to grid 1 b 

so of EB tube 1 would be controlled based on this output. 
As a result, the amount of electron beams output from 
EB tube 1 is subjected to PWM control so that the 
amount of electron beams output from EB tube 1 can be 
averaged and controlled to be constant just as in afore- 

55 mentioned embodiment. 

[0064] The following effects can be attained in accord- 
ance with the present invention as explained above: 
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(1) The amount of electron beams radiated from an 
electron beam tube may be measured by disposing 
a current detection unit comprising a conductor or 
a semiconductor covered by an insulating film on 
the outside of the window of an electron beam tube, s 
and measuring the current flowing through the cur- 
rent detection unit. The aforementioned insulating 
film functions as an energy barrier that permits a 
floating charge to be captured by the aforemen- 
tioned conductor and the generation of current is 10 
obstructed. 2. 

As a result, the current can be stably detected 
based solely on the electrons that were output from 
the electron beam tube, thereby permitting the ac- 
curate measurement of electron beams that were « 
output from the electron beam tube. 

(2) A current detection unit comprising a conductor 3. 
or a semiconductor covered by an insulating film, 

and a measurement unit for measuring the amount 
of electron beams comprising a current measure- 20 
ment unit that measures the current flowing through 
the current detection unit, are disposed on the out- 4. 
side of the window of an electron beam tube. The 
amount of electron beams output from the electron 
beam tube is controlled as a function of the current 25 
signal flowing through aforementioned current de- 
tection unit. Accordingly, the amount of electron 5. 
beams output from the electron beam tube can be 
controlled without being affected by the floating 
charge. Furthermore, a constant level of electron 30 
beams can be stabiy output even if the shape or 
direction of electron beams within the electron tube 6. 
should change since the amount of electron beams 
output from the electron beam tube is detected and 
controlled. 35 

[0065] In accordance with the device and method of 7. 
the present invention described above, the processed 
material could be irradiated with a set, prescribed 
amount of electron beams, and processing failure 40 
caused by insufficient or excessive irradiation could be 
prevented. 

[0066] While various embodiments in accordance 
with the present invention have been shown and de- 
scribed, it is understood that the invention is not limited *5 
thereto. These embodiments may be changed, modified 
and further applied by those skilled in the art. Corre- 
spondingly, this invention is not limited to the details 
shown and described previously but also includes all 
such changes and modifications which are encom- so 
passed by the appended claims. 



Claims 

55 

1 . A method of measuring amount of electron beams 
radiated from an electron beam tube with a window 
comprising the steps of: 



providing a current detection unit disposed on 
the outside of the window of the electron beam 
tube, the current detection unit having at least 
one of a conductor and a semiconductor cov- 
ered by an insulating film; and 
measuring amount of electron beams radiated 
from the electron beam tube by measuring the 
current flowing through the current detection 
unit. 

The method of claim 1 , further comprising the step 
of controlling the amount of electron beams radiat- 
ed from the electron beam tube based on the meas- 
ured current flowing through the current detection 
unit. 

The method of claim 2, wherein the step of control- 
ling the amount of electron beams radiated from the 
electron beam tube is attained by controlling a pow- 
er source unit to the electron beam tube. 

The method of any one of claims 1 to 3, further com- 
prising the step of comparing the measured current 
flowing through the current detection unit to a set 
current level. 

The method of claim 4, further comprising the step 
of increasing the output of the power source unit to 
the electron beam tube if the measured current is 
lower than the set current level. 

The method of claim 4, further comprising the step 
of decreasing the output of the power source to the 
electron beam tube if the measured current is great- 
er than the set current level. 

An electron beam irradiation processing device 
comprising: 

an electron beam tube adapted to radiate elec- 
tron beams to thereby irradiate processed ma- 
terial in treatment of the processed material, 
the electron beam tube having a window and 
an associated power-source unit that provides 
a power source to the electron beam tube; and 
a current detection unit disposed outside of the 
window of the electron beam tube, the current 
detection unit including at least one of a con- 
ductor and a semiconductor covered by an in- 
sulating film, and an electron beam level meas- 
urement unit having a current measurement 
unit that measures the current flowing through 
the current detection unit; 
wherein amount of electron beams output from 
the electron beam tube is controlled by control- 
ling the power source unit as a function of the 
current flowing through the current detection 
unit. 
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8. The electron beam irradiation processing device of 
claim 7, further comprising a control unit adapted to 
compare the current measured by the current 
measurement unit to a set current level. 

5 

9. The electron beam irradiation processing device of 
claim 8, wherein said control unit is further adapted 
to increase the output of the power source unit if the 
measured current is lower than the set current level. 

10 

10. The electron beam irradiation processing device of 
claim 8, wherein said control unit is further adapted 
to decrease the output of the power source unit if 
the measured current is greater than the set current 
level. is 
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Fig. 1 

A diagram showing the structure of a control device of an electron beam 
tube in an embodiment of the present invention. 
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Fig. 2 

A diagram showing an example of the disposition of a current detection unit. 
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Fig. 3 



A diagram showing the structure of an experimental 



circuit. 
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Fig. 4 

A diagram showing the current measured when a stainless wire is coated 
with a ceramic film and when it is not coated. 
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Fig. 5 



A diagram showing the output when the power of an EB tube is controlled by 
measuring the amount of electron beams using an electron beam level 
measurement unit and when the power of an EB tube is controlled by 
detecting the tube current. 
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Fig. 6 



A diagram showing an example of the structure of a control system when 
using a plurality of EB tubes. 
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Fig. 7 Prior Art 



A diagram showing the approximate structure of an EB tube with a window 
and of its power source circuit. 
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Fig. 8 Prior Art 

A diagram explaining the disposition of the window of an EB tube. 
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